Targeted proteomics has gained significant popularity in mass spectrometry-based protein quantification as a method to detect proteins of interest with high sensitivity, quantitative accuracy and reproducibility. 1, 2 Beyond its analytical capabilities, targeted proteomics has been described as a method to test specific hypotheses for a subset of proteins, in contrast with other mass spectrometry approaches, i. e. screening proteomics, in which thousands of proteins can be quantified without any prior knowledge. 3 However, the emergence of a wide variety of so-called targeted proteomics methodssome of them with high-throughput capabilities-has introduced the use of different types of mass analyzers, acquisition modes, and data analysis strategies, which in several cases are common to well-established screening proteomics methods. It is for these reasons that some of the concepts associated to targeted proteomics need to be revisited, as targeted proteomics can no longer be linked to a particular type of instrument, nor to a specific acquisition method, nor to certain analytical capabilities. For instance, targeted proteomics methods are currently implemented in a variety of mass analyzers, including combinations of quadrupoles, orbital ion traps (orbitrap), and time-of-flight mass analyzers. Moreover, the emergence of methods that combine dataindependent acquisition with targeted data analysis has evidenced the capability of targeted proteomics to go far beyond the quantification of a few dozens of selected proteins, and several methods have reported thousands of peptides and proteins being quantified. [4] [5] [6] In addition, with the flourishing of different targeted methods, a myriad of acronyms and commercial names have appeared to refer to them, which do not necessarily reflect the structure of the acquired data nor the strategies followed for data analysis.
However, the emergence of a wide variety of so-called targeted proteomics methodssome of them with high-throughput capabilities-has introduced the use of different types of mass analyzers, acquisition modes, and data analysis strategies, which in several cases are common to well-established screening proteomics methods. It is for these reasons that some of the concepts associated to targeted proteomics need to be revisited, as targeted proteomics can no longer be linked to a particular type of instrument, nor to a specific acquisition method, nor to certain analytical capabilities. For instance, targeted proteomics methods are currently implemented in a variety of mass analyzers, including combinations of quadrupoles, orbital ion traps (orbitrap), and time-of-flight mass analyzers. Moreover, the emergence of methods that combine dataindependent acquisition with targeted data analysis has evidenced the capability of targeted proteomics to go far beyond the quantification of a few dozens of selected proteins, and several methods have reported thousands of peptides and proteins being quantified. [4] [5] [6] In addition, with the flourishing of different targeted methods, a myriad of acronyms and commercial names have appeared to refer to them, which do not necessarily reflect the structure of the acquired data nor the strategies followed for data analysis.
With such diversity of names, data acquisition strategies and data analysis workflows it is easy to overlook the essence of each method and to determine what makes each of them a targeted proteomics method. Moreover, the increasing similarities in data structure and data analysis strategies that some recent targeted methods share with screening proteomics have introduced some additional confusion.
In this viewpoint, we revisit the main targeted proteomics methods and classify them into those that perform targeted data acquisition and those that are based on targeted data analysis. The former methods only acquire data for the molecules of interest, which need to be defined prior to acquisition, whereas the latter acquire data for all molecular species and specific information is later extracted post-acquisition. In parallel, we establish a second orthogonal division to differentiate those targeted methods that are based on peptide ion data (i. e. methods that rely on the mass of an entire molecule or peptide ion for its quantification; MS1 targeted methods), and those methods that rely on the fragments of a molecule for their quantification (MS2 targeted methods). Therefore, here we define four different categories of targeted approaches to classify the different targeted proteomics methods that are currently available in the field.
Targeted acquisition at peptide ion level (MS1)

Selected ion monitoring
Selected ion monitoring (SIM) is a mass spectrometry acquisition method in which only a small mass-to-charge range is transmitted to the detector. In this acquisition mode the mass analyzer is set to filter for one particular peptide ion, which is then constantly monitored over the time and its signal is used for quantification ( Figure 1A ). [7] [8] [9] No peptide fragmentation is done in the mass spectrometer, though some methods can trigger a fragmentation event when the SIM signal exceeds a certain threshold and thus generate a MS2 spectrum for identification purposes. These methods are called SIMtriggered MS2 methods, in which the SIM signal is used for quantification purposes whereas the MS2 spectra is used for confirming the molecule identity ( Figure 1B ). 10 However, peptide ions do not need to be monitored in a continuous form and operating the mass spectrometer with a sampling rate of a few data points per second is normally sufficient to reconstruct a peptide chromatographic peak for quantification purposes. The fact that chemical species do not need to be monitored constantly introduces a time gap between two consecutive sampling events during which the mass spectrometer can be used to sample another peptide of interest. This strategy enables monitoring several peptides within the same method and, therefore, it introduces peptide multiplexing capabilities to the SIM methods.
Selected ion monitoring (SIM) exhibits an improved dynamic range over methods that acquire the full mass range as the filtering step-usually performed with a quadrupole mass analyzer-isolates the peptide ions of interest, and transmits only a small mass-tocharge range to the detector.
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Targeted data analysis at peptide ion level (MS1)
MS1 Extracted Ion Chromatograms
Data-independent acquisition at the peptide level makes it possible to acquire peptide data for virtually all peptide ions present in a sample. In this strategy, a high-resolution mass analyzer-such as an orbitrap or a time-of-flight-is used to constantly sample the full mass range at the peptide level during the entire chromatographic gradient ( Figure  2A ). Full-range MS1 spectra sampled in regular intervals can then be aligned in the time axis to obtain the precursor ion chromatograms by targeted data analysis. Area under the curve is eventually calculated and used for peptide quantification ( Figure 2B ). Data generated by MS1 data-independent acquisition can also be represented as MS1 maps, which contain mass-to-charge, retention time, and intensity information for each peptide ion. [12] [13] [14] However, these MS1 data lack peptide sequence information. Therefore, to perform peptide quantification, the retention time and mass-to-charge coordinates need to be extracted using reference isotopically-labeled internal standards, previous knowledge, or MS2 spectra acquired ad hoc for the most intense peptide ions or for a set of mass-to-charge ratios specified in an inclusion list.
It is worth mentioning that in this case the structure of the acquired data is similar -or in many cases even the same-as in screening proteomics. Quantitative data could thus be extracted for every single peptide in the sample without any prior peptide selection and, in fact, these MS1-maps have often been used for label-free quantification in screening proteomics methods. Therefore, what makes this method a targeted proteomics method is subtle but profound, and it is based on the concept of consistently extracting quantitative information only for the peptides of interest related to a given hypothesis. The same acquired data analyzed without any hypothesis, and with quantitative information for all available peptides would classify as a screening (nontargeted) proteomics experiment.
Methods that rely on targeted data analysis at the peptide level can provide quantitative information of virtually any peptide precursor ion. However, they exhibit high chemical noise due to the co-elution of high and low-abundant peptides when screening the entire mass range in complex samples. This phenomenon limits the dynamic range of these methods, and results in signals that often contain interferences from other peptide ions.
Targeted data acquisition at fragment ion level (MS2)
Selected reaction monitoring
Selected reaction monitoring (SRM) is one of the main strategies used in targeted proteomics experiments in which a set of peptides is selected to quantify a protein of interest. [15] [16] [17] [18] [19] [20] SRM is performed on triple quadrupole mass spectrometers in which the first mass analyzer is set to filtering mode with a narrow isolation window (e. g. ±1 m/z) to isolate a specific peptide precursor ion of interest. Then, the isolated peptide is fragmented, and one of the resulting fragment ions is monitored with another mass analyzer set to filter a concrete mass-to-charge ratio. The double selection of a peptide precursor ion and peptide fragment ion is called a transition ( Figure 3A) . The probability of two peptide fragments having i) the same mass, ii) deriving from two different isobaric peptides, iii) and exhibiting the exact same retention time, is low. Therefore, the strategy of targeted acquisition using transitions is highly specific, it benefits from low chemical noise resulting in high sensitivity measurements, and it can detect proteins in complex samples as low as in a few copies per cell for selected molecules. 21 Similarly to selected ion monitoring, SRM transitions can be used to trigger MS2 spectra for identification purposes given a certain intensity threshold. 22, 23 However, Selected reaction monitoring can sequentially monitor several fragment ions from the same peptide between two sampling events of the same transition. By monitoring several fragments of the same peptide precursor ion not only quantitative information is gathered, but also peptide identification can be inferred from the data. Typically, three to five fragment ions per peptide are measured, and one to three unique peptides with good quantitative properties are used for protein quantification ( Figure 3B ). [24] [25] [26] The time between two sampling events of the same transition is the cycle time, and the time that the mass spectrometer dedicates to each transition is the dwell time. Therefore, the smaller the dwell time, the more independent sampling events will fit in a cycle.
The number of different transitions that can be monitored within a method depends on the chromatographic peak width and the sampling rate, which should provide a minimum of 8-10 fragment data points per chromatographic peak for accurate and precise quantification. The number of monitored transitions can be increased by limiting the measurement of each transition only around the peptide retention time, so that not all transitions within a method are recorded all the time. Since the method measures sequentially several fragment ions from different peptides, it is sometimes referred to as Multiple selection monitoring or MRM.
Compared to MS1 targeted acquisition methods (SIM), SRM enables both peptide identification and quantification simultaneously from the acquired data when several transitions are monitored for the same precursor. Moreover, it exhibits an improved dynamic range and sensitivity, as the double filtering step-at the precursor and the fragment level-results in an improved signal-to-noise ratio. However, as transitions need to be defined prior to acquisition, SRM only renders quantitative information of the selected peptides and fragments, and in case other peptides or fragment ions need to be explored, then, data need to be re-acquired.
Parallel reaction monitoring
Parallel reaction monitoring (PRM) is a targeted acquisition method that simultaneously analyzes all fragment ions of a pre-selected peptide of interest. 27, 28 In this method the first mass analyzer (a quadrupole) is set to filtering mode with a narrow isolation window (e. g. 1 m/z) to isolate the peptide ion of interest. Then the selected peptide is fragmented and the resulting fragment ions are simultaneously analyzed using a mass analyzer set to screening mode ( Figure 3C ). This strategy contrasts with Selected reaction monitoring, which performs sequential acquisition of each fragment from a given peptide as it needs to finish the sampling of one fragment before moving to the next one. Therefore, although both methods require a peptide selection prior mass spectrometric acquisition (targeted acquisition), PRM does not need fragment ions to be selected in advance. In PRM, targeted data analysis is used to retrieve the chromatographic peaks of those fragment ions that are most suitable for peptide identification and quantification i. e. those that have better signal-to-noise, those with no interferences, and/or those that provide more sequence information. Therefore, PRM has flexibility in selecting the fragment ions a posteriori, and in case some fragment ions show interferences, others can be re-extracted from the data without the need to reacquire the sample ( Figure 3D ). [29] [30] [31] [32] [33] Parallel reaction monitoring only acquires information for the pre-selected peptides of interest (i. e. targeted acquisition), and similarly to SRM, it provides both identification and quantification information. PRM is normally done in quadrupole-orbitrap or quadrupole-time-of-flight hybrid instruments, and fragment ions are therefore acquired with high resolution and high mass accuracy, which results in an increased selectivity as compared to triple quadrupole instruments. 34 Parallel reaction monitoring exhibits a high dynamic range, high signal-to-noise, and excellent sensitivity and specificity for peptide and protein quantification.
Targeted data analysis at fragment ion level (MS2)
Since several years, there exist different data-independent acquisition methods at the fragment ion level that acquire all fragment ions from virtually any peptide in a sample. [35] [36] [37] [38] [39] [40] [41] Compared to targeted acquisition methods such as SIM, PRM and SRM, these methods acquire data for all peptides and therefore, the targets of interest can be selected post-acquisition.
These methods rely on the use of one or several broadband isolation windows that isolate all peptide ions in a sample within each cycle.
All peptide ions co-isolated within a window are simultaneously fragmented, and the resulting fragment ion maps can be subjected to targeted data analysis to identify the co-eluting fragment ion groups from the peptides of interest. Identification of fragment ions group and peptide precursors rely on parameters such as retention time, fragment ion relative intensity, correlation with reference spectral libraries, and co-elution with internal reference peptides, among others (Figure 4) . [42] [43] [44] [45] Isolation windows differ in multiple parameters depending on the multiple variants that currently exist for MS2 data-independent acquisition. 41, 46, 47 In this regard, isolation windows i) exhibit different widths-ranging from 2-3 m/z to the full mass range-, ii) are acquired either sequentially or in a non-consecutive order, and iii) are either juxtaposed or overlapped.
MS2 data-independent acquisition methods are usually implemented in quadrupoleorbital ion traps, and quadrupole-time-of-flight hybrid mass analyzers. These methods provide both identification and quantification information of fragment and peptide ions with an improved dynamic range compared with their MS1 counterparts due to a better signal-to-noise ratio.
Data-independent acquisition methods at MS2 level generate datasets that contain fragment ions from all peptide precursors in the sample, and therefore can be queried for the peptides and fragments of interest after acquisition. As there is no limitation in which peptides to extract, data-independent acquisition methods at the fragment level can only be considered targeted as long as there is a hypothesis to be tested i. e. a set of proteins (can be many) are queried to extract their specific quantification information. The selected proteins/peptides can correspond to different protein isoforms, splicing variants, and specific modified peptides, 48, 49 but there needs to be a specific question to be answered. Without this premise, MS2 data-independent acquisition methods are not targeted per se, because the same acquired data can be analyzed with non-targeted data analysis strategies to extract the information of all proteins present in the sample, which would then classify as screening proteomics.
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Wrap-up
In the last years, targeted strategies on data acquisition and analysis have experienced an important expansion, and new methods are constantly being proposed sustained by a parallel improvement of instrument capabilities, computational workflows and new brilliant ideas. Here, we have classified the current existing methods into those that perform targeted data acquisition and those that are based on targeted data analysis, and we have differentiated them according to whether they rely on the mass of peptide ions (MS1 targeted methods), or on the fragments of the studied molecules (MS2 targeted methods).
Given the rapid development in the field, it is expected that differences between targeted and screening approaches will be progressively reduced, as soon it will be possible to target every peptide within a single acquisition method. 52 Therefore, the analytical benefits of the current targeted acquisition methods-such as SRM and PRM -will be exploited in data-independent methods, and the differences in the data structure between targeted and screening proteomics will blur. Convergence might also affect data analysis workflows, with approaches that systematically perform targeted data analysis of all existing peptides, independently of the research question. Therefore, the discussed dichotomy between targeted and screening proteomics will probably be transferred from data acquisition and analysis to how researchers retrieve and treat information from pre-extracted datasets acquired with a universal "target-all" method. 
